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COMPARISON OF REGRESSION METHODS FOR PREDICTING
SINGLELEAF PINYON PHYTOMASS
Robin

— Succession, nutrient

J

.

Tausch' and Paul T. Tuclk'i'

and competition studies in plant communities require estimameasured plant dimensions via allometric
equations. Dimensions of basal area and crown volume were used to predict phytomass of singleleaf pinyon {Finns
monophyUa Torr. & Frem.). Two regression methods for fitting the allometric equation to data for phytomass
prediction were tested. These methods were the more commonly used logarithmic transformation of both data
variables followed by linear regression anaKsis and an iterati\ e nonlinear anaKsis without data transformation. The first
was consistently less effective for predicting both individual tree and total plot ph\ tomass for pinyon. Basal area was a
better predictor of phytomass on a site than was crown volume. Prediction ecjuations were highly site specific. Age of
the trees in the stand used to derive the equations significantly affected the phytomass estimates. Other site and stand
factors also appear to affect the phytomass-allometric parameter relationship.
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appeared to make only a small
difference (Madgwick and Satoo 1975, Turner
and Long 1975, Pastor and Bockheim 1981),
and a proposed correction factor (Lee 1982,
ies this bias

Sprugel 1983) has been shown to result in
overestimation of plant biomass in some instances (Westmann and Rogers 1977). Transformation can also result in difficulties in appropriate evaluation by the usual measures of
goodness of fit such as the coefficient of determination (R") and standard error of the estimate. This occurs because they apply only to
the logarithmically transformed data (Payan-
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to specific data sets

'Department of Range, Wildlife and

preferred use

fit

into the results (Baskerville 1972,

through linear
regression of logarithmically transformed data
known as log-log or power regression (Grove
tion

Its

Such transformation of data has been
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Various types of regression analysis techniques are used for these procedures. Usually
they involve some type of regression fit to the
allometric equation: Y = aX'', where Y =
weight and X = the dimension measured
(Sprent 1972). The allometric equation describes the constant specific or relative growth
size
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estimate (S, J (Stewart et

al. 19(S3) and prediction of the aboveground
biomass and wood volume of western conifers
(Cochran 1982, Hatchell et al. 1985) and eucalyptus species (Stewart et al. 1979). Biomass
predictions from plant dimensions have also
been used for shrubs, grasses, and forbs
(Tausch 1980, Hymphrey 1985, Alaback 1986,
Hughes et al. 1987). The most commonly used
plant dimensions are stem or trunk diameter,
plant height, and crown volume.
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(Juniperiis osteosperma [Torr. ] Little) did not
consider the bias problem (Tausch 1980).
Avoidance of the potential introduction of
bias into the results of regression analyses for
biomass estimation by the allometric equation
is possible by using untransformed data in an
iterative
nonlinear regression technique

(Payandeh 1981, Chiyenda and Kozak 1982).
Determination of the possible presence of
bias is best accomplished by the simultaneous
use of both log-log and nonlinear regression
techniques and comparison of the results
(Schlaegel 1981, Brand and Smith 1985).
The first objective of this study was a comparison of the use of log-log and iterative nonlinear regression for the estimation of leaf

biomass or phytomass of singleleaf pinyon.

The second objective was the comparison of
measurements of basal area and crown vol-

ume

for predicting the

phytomass of both

in-

dividual trees and entire stands. Regression
results

were also evaluated for how they were
by different ages of the trees in a

affected
stand.

Study Site Description
Tree data used for most of the analyses were
associated with four locations in the pinyon-

juniper woodlands of the Sweetwater

Moun-

western Nevada, first sampled by
Meeuwig (1979) and Meeuwig and Budy
(1979). These locations ranged in elevation
from just over 2,000 m to 2,300 m (Table 1).
All four sites were in woodlands that were
tains in

fully

stocked or fully tree-occupied as de-

scribed by

Meeuwig and Budy

(1979).

Some

juniper was present in plot S4, but plots SI,
S2, and S3 contained only singleleaf pinyon.
Data from four additional sites (Table 1) in

Nevada from Meeuwig (1979) plus
data from a site in southwestern Utah from

central

Tausch (1980) were included in one analysis.
All five additional sites were closed-stand
woodlands with mixed pinyon and juniper.

Methods
Sampling Procedures

The Sweetwater Mountains plots from
Meeuwig (1979) and Meeuwig and Budy
were 30 x 30 m in size. All tre(>s in the
were measured for height, average
crown diameter, and basal diameter. All trees
(1979)

four plots

Vol. 48, No. 1

Table 1. Elevation, slope, and aspect for eight plots
from Meeuwig (1979) and one plot from Tausch (1980).
Mountain ranges represented are the Sweetwater Mountains of Nevada and California (S), Paradise Range of
central Nevada (P), Monitor Range of central Nevada (M),
and the Needle Range of southwestern Utah (UT).
Plot
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to phytomass has been shown to
remain hnear throughout the crown for several species of conifers (Long etal. 1981, Kaufmann and Troendle 1981). This relationship
was used to subsample trees with basal trunk
diameters greater than 15-18 cm. Two subsamples were collected, one from the main
stem and one from a random major branch in
the middle one-third of the tree. Main stem
and branch subsamples were cut at a diameter
of about 12 cm. A cross section was collected
from the base of each stem and branch subsample, and a trunk cross section was collected from the base of the tree. All green
foliage was collected from each stem and
branch subsample during the first week of

sapwood area

August.
Analysis Techniques

Crown volume was computed

each harvested tree from the average crown diameter
and tree height using the formula for one-half
of an ellipsoid (Tausch 1980). Crown volumes
in plots SI through S4 were computed from
the average crown diameter and tree height
data provided by Meeuwig (1979) and
Meeuwig and Budy (1979). Basal diameter
measurements were converted to basal area.
Trunk, stem, and branch cross sections
from the subsampled trees were measured for
heartwood and sapwood area with a dot grid.
Sapwood areas and phytomass data from the
two subsamples of each tree were combined
and an overall ratio of kg of phytomass per cm"
of sapwood area determined. This ratio was
multiplied by the sapwood area of the trunk
cross section to estimate the total phytomass
for

of the tree.

Two prediction relationships were used at
each site, one using basal area and the other
using crown volume, to predict phytomass.
Both log-log regression and nonlinear regression were used to derive prediction equations
for each relationship for a total of four equations for each site. For nonlinear regression
the parameters a and b were determined by
an iterative least-squares technique.
Regression results were compared for each
prediction relationship on each plot. Log-log
regression results were converted back to
arithmetic form (anti-log) prior to comparison
with results from nonlinear regression analyses. Because R" from log-log analysis applies
only to transformed data, it cannot be used for

41

direct comparison with nonlinear regression

(Payandeh 1981). Results from the two

results

types of analyses were compared on the basis
of a Fit Index (FI) and a standard error of the

estimate (S^ J computed from untransformed
data for both analvses as recommended by

Payandeh (1981) and Brand and Smith

(1985).

The term Fit Index is from Brand and Smith
(1985). The FI is a measure of the variation in
Y explained by the variation in X:
FI =

1

-

(S(Yi

- Y//S

(Y,

-

Y)').

The FI and R" are equivalent for linear
sion without data transformation.

regres-

For the

log-

and nonlinear regression analyses the
maximum value for FI is also 1.0, but unlike
R" it can be negative (Payandeh 1981). The

log

standard errors of the estimate for all analyses
as the square root of the sums
of deviations squared (based on untransformed data) divided by the number of observations minus 2 (Steel and Torrie 1960).
Ecjuations derived from the trees collected

were computed

next to plots SI, S3, and S4 were used to
predict the total pinyon phytomass of the respective adjacent plot. All four possible combinations of regression techniques and prediction relationships

were used

for

each

site.

Basal areas and crown volumes used on these

were derived from data provided by
(1979) and Meeuwig and Budy
(1979). Predicted biomass values were then
compared with the published values.
The nonlinear regression results for the
basal area and crown volume to phytomass
relationships for plots SI, S3, and S4 were
used to predict the total plot phytomass for

plots

Meeuwig

plot S2. This provided a test of how accurately

an equation derived for one plot could predict

phytomass on a different plot. The
were then evaluated on the basis of
differences in singleleaf pinyon age between
predicting and predicted sites. Average tree
ages for sampled plots from Meeuwig (1979)
and Meeuwig and Budy (1979) were computed from individual tree age data they prototal plot

results

vided.

The effects of average pinyon age in a stand
on biomass prediction were further evaluated
by comparing the differences over nine sites
with trees of different ages. Eight of the sites
are from Meeuwig (1979) and one is from
Tausch (1980). Nonlinear regression was used
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Table 2. Basal area (cm") to tree phytomass (g) log-log and nonlinear regression ecjnation parameters tor trees
harvested adjacent to three plots studied by Meeuvvig (1979) and Meeuwig and Budy (1979) on the Sweetwater
Mountains. Plot designations are described in Table 1.
Nonlinear regression

Log-log regression

Standard
Plot

ninnber
SI

Fit

index

error

(g)

Standard
Fit index

error

(g)
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Table 4. Prediction of total piiiyon phytonia.ss from crown volume and basal area of individual trees on three plots
studied by Meeuwig and Budy (1979) and Meeuvvig (1979) and comparison with the published \alues. Plot designations
used are those from Meeuwig (1979). Nonlinear and log-log regression ec|uations used are for data froiu trees randomly
collected adjacent to the plots.
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Fig. 1. Regression analysis between the average age of a tree in a stand and tlie estimated a\ erage ph\ toniass ot a tree
with a basal diameter of 25.4 em (10 in). Tree phytomass was determined from a nonlinear regression analysis between
basal area and tree phytomass for all the trees on eaeh site. Plot definitions are in Talile 1.

more

curate estimates on an individual tree and

e(j[uations developed from plots with
younger trees overestimate the ph\ tomass of

commonly used

plots with older trees. Conversely, equations

data, nonlinear regression provides

total plot basis

than the more

ac-

log-log regression.

The highly

site-specific natiue ol tree age

on analysis results is apparently related to
growth characteristics of trees olsemiarid climates. Studies of semiarid sites in Australia
have shown that the phytomass of mature
trees becomes constant after a certain size is

reached (Sharpe

et

al.

tios,

developed from plots with older trees, with
their lower ratios, underestimate plots with
Nounger trees. In most instances new e{}uations should be developed for each site where
biomass estimates are needed.
.'KcKNOw i,i:i)(;mknts

1985). Basal area con-

tinues to increase after phytomass has

become

The authors thank Suzanne Stone, Doima
and James Gilleard for their help in
and jMocessing the field data.
Fluids for this study were provided by the
US DA Forest Service Intermountain Forest

constant, however, resulting in a decline in

Peters,

the ratio of phytomass to basal area with increasing age of the trees. Because yoimger

collecting

trees have higher

phytomass

to basal arc^i ra-

Tausch, Tueller: Sincleleaf PiNYON Ec:olo(;y
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